Abstract
Our first common garden experiment reveals extensive morphological trait variation across Euphrasia 1 7 1 species. From the 222 individuals surviving to flowering on their clover host, we see a 3-fold 1 7 2 difference in mean height, while other traits also proved variable ( Figure 1a ; Table S3 ). A large 1 7 3 degree of this variation is separated by species and by population ( Table 1 ). The species with the most 1 7 4 distinct lift-history strategy is E. micrantha, which flowers early in the season from a low node on the 1 7 5 plant, and flowers while it is short. It also forms a distinct cluster in the PCA analysis ( Figure S1 ). E. 1 7 6
pseudokerneri is relatively distinct, flowering once it has grown tall and from a high node on the 1 7 7
plant, but shows little separation in the PCA analysis. The morphologically similar E. arctica, E. 1 7 8
confusa and E. nemorosa are partly distinct, with E. nemorosa initiating flowering 14 days later and 1 7 9 from 3.3 nodes higher than E. arctica, but overlaps in other traits and in overall multi-trait phenotype Table 2a ). Plants flowering at a late node are more likely to be 1 8 6 tall, more highly branched, as well as having many teeth on the lower floral leaf. The relationship of 1 8 7 traits is also supported in the PCA analysis, with many traits contributing to multiple principal 1 8 8 components (Table S4 ). These height and flowering node related traits are largely uncorrelated with 1 8 9 cauline internode-leaf ratio and corolla length. Table S5 ). This contrasts with Euphrasia with no host, which flowered on average 1 9 7 53 days later, were extremely short at first flowering, and produced small flowers. Despite this, the 1 9 8 presence or absence of host was not significant (Table 1) , due to Euphrasia grown with Marchantia 1 9 9
and Pinus growing similarly to the no host treatment (Figure 1b Our comparisons of Euphrasia species in a common garden also sheds light on the distinctiveness of 2 7 7 these recently divergent species. Euphrasia is one of the most taxonomically complex plant genera, 2 7 8 with the 21 currently described British species presenting complex and often overlapping 2 7 9 morphological variation [13, 14, 36] . Our study suggests varying degrees of morphological 2 8 0 distinctiveness of Euphrasia species. We see E. micrantha is clearly morphologically distinct and E. 2 8 1 pseudokerneri mostly distinct, while the closely related species E. arctica, E. confusa and E. 2 8 2 nemorosa differ in life history traits such as nodes to flower, but overlap in many other traits and are 2 8 3 not clearly separated in the PCA. Moreover, our study is likely to overestimate the distinctiveness of 2 8 4 taxa by only including a subset of UK species. We suspect adaptive divergence between closely 2 8 5 related E. arctica, E. confusa and E. nemorosa is a consequence of differential natural selection for 2 8 6 local ecological conditions such as soil water availability or mowing. Selection appears to be 2 8 7
operating at a fine spatial scale, with significant life history trait differences evident between 2 8 8 populations within species. These taxa may be genetically cohesive, either showing genome-wide 2 8 9 1 4 3 3 3
In contrast to traits showing extensive plasticity, we also see evidence of developmental constraint in 3 3 4 number of nodes to flower. This trait showed the least plasticity with different hosts, is consistent 3 3 5 between populations within species, and between the common garden and the field. This suggests that 3 3 6 the developmental event of transitioning to flower is genetically determined, with changes in 3 3 7 flowering time altered by plasticity in internode length and not nodes to flower. This may explain why 3 3 8 nodes to flower is such an important diagnostic trait for species identification in Euphrasia and related 3 3 9 species in the Rhinantheae [43] . Despite nodes to flower changing little in response to host quality, 3 4 0 our overall impression is that Euphrasia show considerable plasticity and little developmental 3 4 1 constraint in many aspects of growth, or that trait values are affected by complex interactions related 3 4 2 to host-parasite attachment. In particular, the variation between individuals on a given host, suggests 3 4 3 other variation, such as genetic background in host and parasite, as well as the timing of attachment, 3 4 4 may be crucial in determining performance. Table S1 . Species and collection details for hosts used in the common garden experiment. 4 0 9 Table S2 . Collection details for Euphrasia species used in the common garden experiment. 
